Temperature is known to influence the extent of anoxic/ischemic injury in gray matter of the brain. We tested the hypothesis that small changes in temperature during anoxic exposure could affect the degree of func tional injury seen in white matter, using the isolated rat optic nerve, a typical CNS white matter tract (Foster et aI., 1982). Functional recovery after anoxia was moni tored by quantitative assessment of the compound action potential (CAP) area. Small changes in ambient temper ature, within a range of 32 to 42°C, mildly affected the CAP of the optic nerve under normoxic conditions. Re ducing the temperature to <37°C caused a reversible in crease in the CAP area and in the latencies of all three CAP peaks; increasing the temperature to >37°C had op posite effects. Functional recovery of white matter fol lowing 60 min of anoxia was strongly influenced by tem perature during the period of anoxia. The average recov ery of the CAP, relative to control, after 60 min of anoxia administered at 37°C was 35.4 ± 7%; when the tempera ture was lowered by 2's"C (i.e., to 34's"C) for the period of anoxic exposure, the extent of functional recovery im proved to 64.6 ± 15% (p < 0.00001). Lowering the tem perature to 32°C during anoxic exposure for 60 min re-
The knowledge that reducing the body tempera ture can protect against brain or spinal cord injury due to anoxia/ischemia or trauma dates back to studies done more than three decades ago (see re view by Globus et aI., 1992) . In fact, in most spe cies, hypoxia rapidly elicits hypothermia and this is viewed as a highly conserved adaptive strategy to reduce oxygen consumption and protect vital or-suited in even greater functional recovery (100.5 ± 14% of the control CAP area). Conversely, if temperature was increased to > 37°C during anoxia, the functional outcome worsened, e.g., CAP recovery at 42°C was 8.5 ± 7% (p < 0.00001). Hypothermia (i.e., 32°C) for 30 min immediately following anoxia at 37°C did not improve the functional outcome. Many processes within the brain are tempera ture sensitive, including O 2 consumption, and it is not clear which of these is most relevant to the observed effects of temperature on recovery of white matter from anoxic injury. Unlike the situation in gray matter, the temperature dependency of anoxic injury cannot be re lated to reduced release of excitotoxins like glutamate, because neurotransmitters play no role in the pathophys iology of anoxic damage in white matter (Ransom et aI., 1990a) . It is more likely that temperature affects the rate of ion transport by the Na+ -Ca2+ exchanger, the trans porter responsible for intracellular Ca2 + loading during anoxia in white matter, and/or the rate of some destruc tive intracellular enzymatic mechanism(s) activated by pathological increases in intracellular Ca2+. Key Words: Axons-Stroke-Hypothermia-Ischemia. gans like the brain and heart that are critically de pendent on a continuous oxygen supply (Wood, 1991) . Recently, it has become clear that even small reductions in body temperature (e.g., =2°C) can protect the brain from anoxic/ischemic injury (Busto et aI., 1987) . The potential importance of manipulating the CNS temperature as a therapeutic approach to ameliorating, or blocking altogether, CNS injury from a variety of insults is coming under closer scrutiny (Globus et aI., 1992) .
To date, the effects of small alterations in brain temperature on the outcome from anoxic/ischemic exposure have been well documented only for gray matter, those regions of the brain containing nerve cell bodies and synapses. Lowering the brain tem perature by 2-3°C markedly reduces the severity of the damage sustained in several models of ischemic brain injury (Busto et aI., 1987; Minamisawa et aI., 1990a,b) . In the rat, transient global forebrain isch emia produces damage to CA 1 and striatal neurons when the intraischemic brain temperature is 36°C, but significantly less histological damage at 34°C (Busto et aI., 1987) ; conversely, mild intraischemic hyperthermia (39°C) increased the extent and sever ity of brain injury (Dietrich et aI., 1990b) . The pro tective effects of hypothermia are also seen in the gerbil global ischemia model (Walsh et aI., 1990) and hyperthermia to 40°C during or after middle cerebral artery occlusion in rats significantly in creases the infarct size (Chen et aI., 1991) . The im portant influence of hypothermia on ischemic injury in the hippocampus is illustrated by the observation in gerbils that the beneficial effect of MK -80 1, a noncompetitive blocker of N-methyl-D-aspartate (NMDA) receptors, on the outcome after ischemia is due to this drug's hypothermic effect (Buchan and Pulsinelli, 1990) . The mechanism of the protec tive effect of lowered brain temperature is not un derstood, although it has been shown that hypother mia causes a striking reduction in the release of the excitotoxin glutamate during ischemia (Globus et aI., 1991 ; see also Dietrich et aI., 1990b) and this could be responsible for the improved outcome.
White matter (WM) areas of the brain, containing only axons and glial cells, also suffer injury from anoxia (Ransom et aI., 1990a; Stys et aI., 1990b) . We have studied the pathophysiology of anoxic in jury in WM and have found that it differs from gray matter (for reviews, see Ransom et aI., 1990a; Wax man et aI., 1991) ; it does not depend on the release of excitotoxins like glutamate (Ransom et aI., 1990b) but appears to be the result of accumulation of intracellular Ca2 + by way of reverse operation of the Na+ -Ca2+ exchanger (Stys et aI., 1991c) . We studied the effects in WM of small variations in temperature, applied during anoxia or immediately after anoxia, on functional recovery from a stan dard insult. The use of quantitative electrophysio logical methods allowed us to examine, under var ious conditions, the proportion of myelinated fibers within a WM tract, the optic nerve, that recover the capability to conduct action potentials after a stan dardized anoxic injury. Our results indicate that small changes in temperature during anoxia strongly influence the functional outcome in this central WM tract.
METHODS
Optic nerves from rats aged 50-70 days were dissected free and placed in an interface perfusion chamber in a 95% O2/5% CO2 atmosphere at 37°C as previously de-J Cereb Blood Flow Melab. Vol. 12, No.6, 1992 scribed (Stys et al., 1990b) . The nerve was continuously perfused with a physiological solution containing the fol lowing (in mM): NaCl, 126; KC1, 3.0; MgS04, 2.0; NaHC03, 26; NaH2P04, 1.25; CaCI2, 2.0; and dextrose, 10, with pH 7.45. The optic nerve was stimulated with a supramaximal voltage pulse [i.e., 25% greater than that needed to elicit a maximal compound action potential (CAP)] via a suction electrode and the CAP was recorded from the other end of the nerve with a second suction electrode. Signals were amplified, digitized, and trans ferred to a microcomputer for processing and storage (Stys, 1991) . Optic nerve function was quantitatively monitored as the area under the supramaximal CAP using a method that automatically compensates for the instabil ity inherent in suction electrode recording (Stys et al., 1991a) . The area under the CAP represents the best mea sure of the number of active axons because activities of individual axons within a nerve are considered to sum linearly to create the CAP (Cummins et al., 1979) .
We subjected optic nerves to a standardized 60-min anoxic period. Anoxia was rapidly achieved by switching to an atmosphere of 95% N 2/5% CO2 (Stys et al., 1990b; Ransom et al., 1991) . Our previous studies showed that the CAP is lost within 8-10 min of the onset of anoxia, and recovers to reach a stable level by 60 min after the end of anoxia. The area under the CAP has been moni tored for as long as 4 h after the anoxic insult and there is no additional recovery seen during this period, beyond that present at 60 min following anoxia. In terms of func tion, therefore, the loss of CAP area determined 60 min after anoxia may be deemed irreversible. For quantifica tion, postanoxic CAP measurements were routinely made 60 min after the end of anoxia.
A feedback heating unit (Medical Systems Corp., Greenvale, NY, U.S.A.) maintained the tissue tempera ture at the desired level. The chamber temperature was varied over a lOOC range, from 32 to 42°C. The rate at which the chamber temperature changed after switching to a new value is shown in Fig. 1 . An increase from 37 to 42°C was 90% complete in about 25 min, while a decrease from 37 to 32°C required about 15 min for 90% comple tion. The feedback temperature controller maintained a constant chamber temperature that typically varied by no more than about ±0.3°C. Although the temperature was manipulated from its control value of 37°C, during or after anoxia, recovery from anoxia was quantitated after the temperature returned to 37°C (Stys et al., 1991b) . Since conduction block can occur as a result of increased tem perature but is rapidly reversible (Rasminsky, 1973; Schauf and Davis, 1974) , this insured that control and postanoxic CAP measurements were not complicated by temperature-related conduction block.
RESULTS

Temperature influenced the size and conduction velocity of the CAP in rat optic nerve
The effects of temperature on the latency and am plitude of the supramaximal CAP in the rat optic nerve are summarized in Figs. 2 and 3. The area under the CAP increased when the temperature was progressively decreased in 2.SoC increments from 37 to 32°C, as shown in records taken from a typical experiment ( Fig. 2A ). Likewise, a progressive in-
The rate at which the temperature in the cham ber could be increased from 37 to 42°C or decreased from 37 to 32°C is shown. The tem perature of the perfusing solution was mea sured by a thermistor located close to the posi tion of the tissue within the chamber. The tem perature decreases took 15 min to reach 90% completion while temperature increases re quired -25 min. Temperature varied by no more than ±0.3°C at a given temperature setting. 
crease in temperature from 37 to 42°C caused a re duction in the area under the CAP ( Fig. 2A ). Within this range (i.e., 32 to 42°C), the changes in the CAP were stable once the temperature stabilized.
The effects of temperature on the CAP area are quantitatively summarized in Fig. 2B for all of the nerves tested. Five different temperatures were ex amined: 32, 34.5, 37, 39.5, and 42°C. The mean CAP area, normalized to the value at 37°C, is plotted vs. temperature. The average CAP area decreased by about 20% when the temperature was increased from 37 to 42°C, and increased by a similar amount when the temperature was lowered from 37 to 32°C. Thus, the mean CAP area varies inversely with tem perature and is well fit by a linear function (slope = -3.85%rC, R = 0.998). The effects of temperature on the CAP area were fully reversible over this tem perature range.
The records shown in Fig. 2A also illustrate that the temperature affects the action potential conduc tion velocity of the axons in the rat optic nerve. The CAP of adult optic nerve is composed of three dis crete peaks representing populations of axons with different conduction velocities (Foster et al., 1982) . Cooling the nerve resulted in longer latencies for all three CAP peaks and warming the nerve had the opposite effect ( Fig. 2A) . Figure 3 summarizes the effects of temperature on CAP peak latencies for all of the nerves tested. Latencies of the peaks were normalized to their values at 37°C ("latencyTI latency 370C") and average values were determined for each of the temperatures examined ( Fig. 3) . Lowering the temperature from 37 to 32°C in creased the latency by approximately 20%; increas ing the temperature from 37 to 42°C shortened the latency by approximately 15%. All three peaks in o 20 40 60 80 100 120 140 160
Time (min) the CAP were similarly affected. As shown in Fig. 3, the data are best fitted by an exponential. The QIO for the conduction velocity, as determined by these latency measurements, was approximately 1.5. As with the effects of temperature on the CAP area, temperature effects on CAP latency were fully re versible.
Temperature affected anoxia-induced injury in white matter
Exposure of the adult rat optic nerve to 60 min of anoxia at 37°C results in a rapid loss of the CAP. After recovery from anoxia, the size of the CAP is reduced to approximately 35% of its control value (Ransom et aI., 1990a; Stys et al., 1990b) . These anoxia-induced changes in CAP area indicate that fewer axons are able to contribute current to the formation of this potential.
In order to assess the effects of temperature on the degree of functional recovery, CAP recovery was measured following a standard 60-min period of anoxia as the temperature was manipulated. For these experiments, the freshly dissected nerve was placed in the recording chamber and incubated for approximately 90 min at 37°C. The chamber was then set to the temperature to be held during the 60-min period of anoxia and anoxia was initiated 30 min later (Fig. 4C ). As previously noted (Fig. 1) , the chamber temperature stabilized to new values within �20 to 25 min. At the conclusion of the an oxic insult, the temperature was returned to 37°C and CAP recovery was measured 60 min following the end of anoxia.
The effects of temperature during anoxia on the recovery of the CAP from a standard 60-min period of anoxia are shown in Figs. 4 and 5. Representative CAP amplitudes were normalized to the control CAP amplitude at 3JOC. On average, the area under the CAP increased by 20% when the temperature was decreased from 37 to 32°C, and decreased by 20% when the temperature was increased from 37 to 42°C. This corresponds to a Q10 of -1.5 over this temperature range.
recordings from three separate experiments are il lustrated (Fig. 4) . The temperature during the pe riod of anoxia is given next to each set of traces. A control CAP recording, obtained at 37°C, is shown for each set of traces. The CAPs obtained 60 min following anoxia ("postanoxia") are also shown. As shown in the middle traces, the CAP was abol ished, during anoxia, at all temperatures. The rate of decline of the CAP after the onset of anoxia was more rapid at higher temperatures. A small amount of activity remained even after 60 min of anoxia at 32°C (upper row, middle trace). Relative to the out come when anoxia occurs at 37°C, lowering the temperature from 37 to 32°C enhances postanoxic CAP recovery, while increasing the temperature to 42°C during anoxia results in significantly more in jury than seen at 37°C. Note that the postanoxic CAPs are all recorded at 37°C and thus are compa rable to one another. The mean CAP recovery after 60 min of anoxic exposure at different temperatures is shown graph- Vol. 12. No. 6, 1992 ically in Fig. 5 . Data are illustrated for five different temperatures ranging between 32 and 42°C; cooling the tissue by as little as 2SC (to 34SC) during the anoxic period results in markedly improved CAP recovery (64.6 ± 15% vs. 35.4 ± 7%; p < 0.00001). Conversely, when the temperature is raised by 2SC (to 39SC) during anoxia, the outcome is con siderably worse (35.4 ± 7% vs. 22.3 ± 14%; p < 0.01). More extreme changes in temperature during the period of anoxia produced even larger changes in CAP recovery versus recovery at 37°C; anoxia carried out at 32°C resulted in essentially complete recovery and anoxia at 42°C resulted in only 8.5% recovery at 60 min (both results were highly signif icant; p < 0.00001). The QIO for CAP area recovery measured over the temperature range of 32 to 42°C was 10.6.
To verify that the above observations resulted from the effects of temperature on anoxia-induced injury, it was necessary to document that prolonged maintenance of optic nerves at temperatures other 1.2 0 peak 1 '" peak 2 32  33  34  35  36  37  38  39  40  41  42 Temperature (0C) FIG. 3. Effects of temperature on the peak latencies of the supramaximal CAP. Peak latencies of the CAP increased when the temperature was reduced from 3rC and decreased when the temperature was increased above 3rC. This effect was seen on all three of the peaks that make up the CAP in adult optic nerves. The solid line represents an exponential function, fit to the latencies for peak 1. The Q10 of this temperature-dependent process was also about 1.4 ( Fig. 2A) . The mechanism of this effect is presumably a temperature effect on the axonal conduction velocity.
than 37°C did not, in the absence of anoxia, produce lasting changes in the area under the CAP. Nerves were switched from 37°C to either 32 or 42°C and held at this new temperature for the same length of time as in the anoxia experiments (i.e., 90 min); these nerves, however, were always maintained un der normoxic conditions. The areas under the CAPs were measured 60 min following the switch back to 37°C and were not significantly different from the control responses. Maintenance of nerves for 90 min at 32 or 42°C, under normoxic conditions, had no lasting effect on the CAP amplitude or peak la tency.
Delayed hypothermia had no protective effect on CAP recovery after anoxia Because a reduction in temperature during anoxia to values <37°C improved the functional outcome, we tested the hypothesis that hypothermic expo sure following anoxia could also improve CAP re covery. The paradigm for this experiment is shown in Fig. 6B . After 60 min of anoxia at 37°C, the cham ber temperature was transiently lowered to 32°C for 30 min and then returned to 37°C; 60 min later, or 90 min from the termination of anoxia, the final mea-surement of the CAP was made. The longer delay from the end of anoxia to the final assessment of the CAP insured that the nerve had the standard 60-min recovery period at 37°C.
A 30-min period of postanoxic hypothermia had no effect on the recovery of the CAP area (37.5 ± 12%), as shown in Fig. 6A .
DISCUSSION
Mechanisms of temperature effects on evoked electrical activity in the optic nerve
Small changes in ambient temperature had signif icant effects on the size and latencies of the rat optic nerve supramaximal CAP. The known effects of temperature on axonal physiology (Hodgkin and Katz, 195 1; Paintal, 195 1; Rasminsky, 1973 ; Swad low et ai., 198 1) allow straightforward interpreta tion of the observed temperature effects on the CAP amplitude and latencies.
We observed a decrease in conduction latencies (i.e., an increase in the conduction velocity) as the temperature increased over the range of 32 to 42°C. All three CAP peaks were similarly affected. This is qualitatively consistent with the results of Swadlow Ionic conductances have rate constants with QIO'S �3 in squid giant axon (Hodgkin and Katz, 195 1; Hodgkin and Huxley, 1952) , whereas the maximum conductances increased by 4%/oC (Moore, 1958) . Electrolytic solutions show an increase in conduc tance with temperature, with a QIO of � 1.3 (Moore et al., 1978) . As the rate of rise of the action poten tial increases with temperature due to faster kinet ics and greater maximum ionic conductances, it will accelerate the activation of adjacent, inactive ax onal membrane and thereby increase the conduc tion velocity. The axonal membrane time constant falls with increasing temperature, due to increased axoplasmic conductance, and this will also speed activation of subsequent nodes. Numerical simula tions have demonstrated that when both channel kinetics and axoplasmic resistivity are included in Vol. 12, No.6, 1992 models of impulse conduction in myelinated fibers, the conduction velocity becomes an exponential function of temperature (Moore et aI., 1978) . Our results are in agreement with these predictions, i.e., the relationship between peak latency and temper ature was best fitted with an exponential function (Fig. 3) .
In our experiments, the area under the CAP of the optic nerve was inversely proportional to the temperature. Hodgkin and Katz (195 1) noted large increases in the duration of the action potential of the giant squid axon when the temperature was low ered. This occurred because the rate of decline of the action potential was more strongly affected by the temperature than the rate of rise, the QIO values (between 10 and 20°C) being 2.0 and 3.2 for rise and fall, respectively (Hodgkin and Katz, 195 1; see also Thompson et aI., 1985) . It is probable that temper ature has a similar effect on the action potentials of the axons in the optic nerve. This would lead to the observed effect of temperature on the CAP, which is the sum of the extracellular currents generated by the constituent optic nerve axons (Cummins et aI., 1979) .
Mechanisms of temperature effects on anoxia-induced injury
Our results indicate that small changes in ambient temperature during anoxia have significant effects on the recovery of function in a CNS WM tract, the rat optic nerve. Mild hypothermia (32 or 34SC) strongly enhanced the recovery of the CAP from the standard 60-min anoxic insult, while hyperther mia (39.5 and 42°C) significantly worsened the out come. Protective effects of hypothermia have been reported in studies on gray matter areas of the brain, mainly carried out in vivo. For example, hy pothermia (i.e., 2 to 3°C below the control value) applied during the ischemic period reduced the ex tent of neuronal cell body loss in the rat hippocam pus, striatum (Busto et aI., 1987) , and neocortex (Minamisawa et aI., 1990a,b) . Hippocampal brain slices were also protected from injury by hypother mia during oxygen and glucose deprivation, al though the highest degree of protection was achieved by temperature reduction to the relatively extreme level of 21°C (Tanimoto and Okada, 1987) . Thus, temperature strongly influences the outcome of an anoxic/ischemic insult in areas of the brain that are very different anatomically and physiolog ically, i.e., WM and gray matter.
The mechanism(s) responsible for the tempera ture dependency of WM recovery from anoxia are not clear. Temperature has powerful and diverse biological effects (Davson, 1970) , and some of these -30 min can be anticipated to affect the extent of CNS injury due to anoxic/ischemic insult. The rates of enzy matic reactions underlying energy metabolism, bio synthesis, and catabolism are steeply proportional to temperature within a range that is physiologically relevant; enzymes usually have QIO'S between 2 and 3 (Davson, 1970) . Gray matter and WM appear to share a common end point in their response to an oxia; both neuronal cell bodies and axons appear to suffer an uncontrolled increase in intracellular Ca2 + concentration (Ransom et al., 1992) . The Ca2 + in crease, in turn, triggers a complex sequence of de structive events that may include activation of li pases and proteases and the generation of free rad icals (Choi, 1988a) . It is probable that some of the protection seen with hypothermia and the worsen ing seen with hyperthermia are mediated by effects on the reaction rates of critical enzymatic steps in the anoxic cascade. The extent to which gray mat ter and WM share a common fate with regard to these final biochemical events is presently not k nown.
Membrane-related events of particular impor tance to CNS function, such as active or facilitated ion transport and gating of ion channels, are mod-o anoxia 60 120 ulated by temperature (den Hertog and Ritchie, 1969; Guttman, 1971; Thompson et al., 1985) . The temperature sensitivity of enzymes and transmem brane ion fluxes must contribute to the relationship between the cerebral metabolic rate, reflected in the rate of oxygen consumption, and temperature (Hag erdal et al., 1975) . Reducing the temperature lowers the rate of oxygen consumption by 6-8%;oC (from the value at 37°C), in all areas of the brain, including WM (Nishizaki et al., 1988) . If the extent of anoxic brain injury is related to the magnitude of the dif ference between oxygen supply and oxygen de mand, then hypothermia may be protective simply because it lowers the amount of oxygen consumed (Wood, 1991) .
In gray matter, hypothermia may protect against anoxic/ischemic injury by blocking the accompany ing release of the excitotoxin glutamate (Globus et al., 199 1, Dietrich et al., 1992a) . Glutamate is not involved in the pathophysiology of anoxic damage in WM (Ransom et al., 1990a,b) , so the temperature dependency of its release is irrelevant in consider ing the effects of temperature on anoxia in these regions of the brain.
In WM, anoxia causes loading of a cytoplasmic B) ; the actual chamber temperature was not 32°C during this en tire 30 min period because of the thermal inertia of the system (see Fig. 1 ). The CAP recovery was measured 60 min after the chamber temperature was switched back to 3rC, Le., 90 min after the end of an oxia. A: As shown by the bar graph, there was no significant difference in the de gree of recovery between the nerves that were maintained for the entire time at 3rC compared to those that experienced 30 min of postanoxic hypothermia (Le., 32°C).
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a nox ia 90 I compartment, most likely within axons, with Ca2+ via reverse operation of the Na + _Ca2+ exchanger (Stys et aI., 1991c) ; blocking this critical step during the anoxic period protects against injury (Stys et aI., 1991c) . The rate of Ca 2 + movement by this ex changer molecule is highly temperature dependent (Q1O = 3.7) (Russell and Blaustein, 1974) and hy pothermia would be expected to slow the process. It is probable that at least some of the protection provided by hypothermia in WM is mediated by slowing of this Ca 2 + -loading step. The contribution of the N a + -Ca2 + exchanger to calcium fluxes in gray matter during anoxia is not yet understood, but appears to be overshadowed by the actions of glutamate at NMDA receptors and the activation of voltage-gated Ca2 + channels (Choi, 1988b ; see also Stys et ai., 1992a) . It is pos sible to block these latter processes pharmacologi cally (Choi, 1988b) and following this the patho physiological steps leading to Ca2+ accumulation in neurons may include a pathway similar to that ob served in axons (i.e., Ca2+ entry via reverse oper ation of the Na + -Ca2+ exchanger). Thus, one would predict that the effects of hypothermia in gray matter should be additive with the actions of NMDA and!or Ca2+ channel blockers. In fact, pro tective synergism between postischemic treatment J Cereb Blood Flow Metab, Vol. 12, No. 6, 1992 150 I t post-anoxic CAP with the NMDA blocker dextromethorphan and hy pothermia has been demonstrated (Ginsberg et aI., 1990) . This observation points to a general principle in thinking about protective strategies for anoxic! ischemic brain injury: The pathogenesis of cellular injury is undoubtedly multifactorial and regionally diverse; therefore, maximal protection will only be afforded by multivalent therapeutic approaches.
In contrast to hypothermia applied during the an oxic insult, lowering the temperature to 32°C for 30 min after anoxia had no beneficial effects in our experiments. This result is consistent with previous experiments showing that Ca2+ loading in WM, the critical step leading to injury, occurs gradually throughout the period of anoxia (Stys et aI., 1990b) , but not following reoxygenation. The lack of benefit from postanoxic hypothermia further suggests that the deleterious steps set in motion by excessive Ca2+ influx must also occur during the anoxic pe riod, closely paralleling the increase in intracellular Ca2+ concentration, or be insensitive to hypother mia. Otherwise, if Ca2+ -activated, temperature sensitive processes continued to produce cellular damage after reoxygenation, cooling the tissue at that time should have afforded at least some pro tection. Alternatively, the temperature may affect two postanoxic processes, but in opposite direc-tions, so that the net effect on the outcome is neg ligible. For example, postanoxic hypothermia might slow the destruction mediated by Ca2+ -activated enzymes but at the same time prolong the duration of toxic intracellular Ca 2+ levels by delaying Ca2+ removal by transporters (Thompson et al., 1985) .
It is premature, however, to conclude that under clinical conditions, postanoxic hypothermia will be of no benefit in protecting WM. Anoxic/ischemic insults in vivo rarely occur in an all-or-none fashion and treatment with hypothermia after the initial in sult might protect against further damage. There is evidence that reperfusion failure may cause ongoing injury after a vessel occlusion. Also, Young (1985) has shown evidence of a phase of severe spinal cord hypoperfusion beginning hours after trauma, and possibly contributing to the ultimate degree of dys function. Therefore, unlike our in vitro experi ments, where anoxic insults can be applied in a truly stepwise manner, WM regions of the brain and spinal cord in vivo may suffer ongoing anoxia/ ischemia after the initial insult that might be re duced by hypothermia.
